This study presents partial mitochondrial 16S rRNA sequences of 13 unionid bivalve species from China and analyses their relationships in combination with known data of 21 American mussels. According to our results, Chinese unionids, formerly regarded as two subfamilies, should be divided into three subfamilies: Ambleminae, Anodontinae and Unioninae. The genera Hyriopsis, Solenaia, Lamprotula and Ptychorhynchus, hitherto placed in Unioninae or Anodontinae, should be moved to the subfamily Ambleminae, demonstrated for the first time from China. The other genera recorded from China are suggested to belong to Anodontinae and Unioninae, which is in agreement with traditional classifications, except for the genus Lepidodesma.
INTRODUCTION
The Unionidae are a family of bivalve molluscs containing many common and morphologically variable freshwater mussels. Many taxonomic and phylogenetic studies have been carried out on the family (Heude, 1874 (Heude, -1885 Simpson, 1900; Yen, 1948; Haas, 1969b; Lydeard, Mulvey & Davis, 1996; Jozefowicz & Ó Foighil, 1998; Graf & Ó Foighil, 2000a; Hoeh, Bogan & Heard, 2001 ). Simpson (1900 Simpson ( , 1914 first divided the worldwide family Unionidae into 10 subfamilies, but this classification system was controversial among later authors (Haas, 1969a; Ortmann, 1912; Heard & Gukert, 1971) . The Chinese Unionidae were divided by Liu (1979) into two subfamilies, Unioninae and Anodontinae, a classification used by many Chinese malacologists until today, although it is different from that suggested by earlier investigators (Simpson, 1900 (Simpson, , 1914 Heard & Gukert, 1971) . Moreover, the positions of many genera have been moved as a result of studies of glochidia and marsupia that differ from the aforementioned studies (Wei, Fu, Wang & Fu, 1994) . The problem was mainly due to the fact that classifications of Chinese unionids are based on shell features and little known characters of soft anatomy (Heude, 1874 (Heude, -1885 Lin, 1962; Zhang & Li, 1965; Wei, Fu, Wang & Fu, 1994) . Heard & Guckert (1971) suggested that similar shell shape and type among unionids was probably due to convergent or parallel evolution, rather than shared ancestry. Although Simpson (1900) and Hoeh, Bogan & Heard (2001) found glochidia to be a major character of unionid classification, reports describing glochidia from Chinese unionids are very rare (but see Wei, Fu, Wang & Fu, 1994) . Hence, neither morphological nor ontogenetic characters have shown conclusive evidence of relationships (Haas, 1969a; Heard & Guckert, 1971; Davis, Heard, Fuller & Hesterman, 1981) . To obtain a meaningful classification and hypothesis of phylogenetic relationships for this family, studies using new methods are necessary. Previous studies have shown that genetic characters may provide accurate and unambiguous indications of taxonomic divergence (see Lydeard, Mulvey & Davis, 1996; Mulvey, Lydeard, Pyer, Hick, Brim-Box, Williams & Butler 1997; Hoeh, Bogan & Heard, 2001; Graf & Ó Foighil, 2000a) . These studies, which analysed DNA sequence information, have questioned the validity of phylogenetic hypotheses generated by conventional morphological analyses and allowed an independent test of previous hypotheses. Sequences of appropriate genes potentially provide the most powerful set of data for phylogenetic analysis. Among them is the mitochondral 16S ribosomal RNA gene, which has provided information on phylogeny of freshwater invertebrates including mussels (Lydeard, Mulvey & Davis, 1996; Turner, Trexler, Harris & Haynes, 2000) .
Previous molecular studies of mussels have focused on nonChinese unionids. In the present paper, partial sequences of the mitochondrial 16S rRNA gene of some Chinese mussels have been studied to investigate their relationships and test the morphological hypotheses.
MATERIALS AND METHODS
All specimens were collected from Poyang Lake in Jiangxi Province. Table 1 lists the species used. Genomic DNA was isolated from 95% ethanol preserved specimens by standard phenol extraction. Mitochondrial DNA sequences were obtained for an amplified segment of the 16S rRNA using primers 16sar-L-myt (5Ј-TGAGCGTGCTAAGGTAGC-3Ј) and 16sbr-H-myt (5Ј-AGCCAACATCGAGGTCGC-3Ј) (Lydeard et al., 1996) . Forty cycles of PCR (94ЊC, 1 min denaturing, 57ЊC, 30 s annealing, 72ЊC, 1 min extension) were performed. PCR products were isolated on 1% agarose gels and purified with BioStar glassmilk DNA purification kit. The purified fragments were sequenced with the original amplification primers by Shanghai Genecore Company. Sequences of 21 North American species were downloaded from GenBank for comparison.
Alignments were compiled and manipulated using Sequence Monkey 2.8 (Graf & Ó Foighil, 2000b) and Clustal-X (Thompson, Gibson, Plewniak, Jeanmougin & Higgins, 1997) and refined manually where necessary. Ingroup taxa selections were based on the results of prior phylogenetic analyses of unionid bivalves (Lydeard et al., 1996; Graf, 2001) . The Margaritiferidae, including Margaritifera and Cumberlandia, the sister group of the Unionidae, were designated as outgroup. Phylogenetic analyses were carried out using the maximum-parsimony algorithm (MP) of PAUP* 4.0b3 (Swofford, 1998) . The gaps (i.e. insertiondeletions) in the alignment were treated as an additional state. To gauge the robustness of the recovered phylogeny, bootstrap analyses (500 replications of heuristic searches with 10 random addition sequences) were performed. Figure 1 illustrates the single re-weighted tree of 16 equally parsimonious trees obtained using maximum-parsimony analysis of the 16S rRNA sequence data. The tree indicates that the Unionidae surveyed so far consist of three major groups. The first one is composed of the species of American Ableminae (Davis, Heard, Fuller & Hesterman, 1981) and four Chinese genera. The second group consists of the taxa belonging to the subfamily Anodontinae, and the third one Unioninae, which is in accordance with traditional studies (Liu, 1979; Yen, 1948; Lin, 1962; Zhang & Li, 1965) , except for the genus Lepidodesma. The relationships of the North American species suggested by the present analyses are in agreement with the results of Lydeard et al. (1996) , Hoeh et al. (2001) and Graf (2002) . However, the current classifications of Chinese unionids are inadequate, especially the division into two subfamilies, Unioninae and Anodontinae. The analysis of mitochondrial 16S rRNA indicates that Hyriopsis, Solenaia, Lamprotula and Ptychorhynchus are much closer to Ambleminae than to either Unioninae or Anodontinae. The taxonomic positions of these genera have been controversial among different authors for a long time. With the exception of Hyriopsis, placed in Ambleminae by Modell (1964) and Brandt (1974) , all these genera were assigned to the Unioninae or Anodontinae (Simpson, 1914; Haas, 1969a; Liu, 1979) . However, Wei et al. (1994) found that the glochidia and marsupia of Lamprotula belong to the same type as Amblema. Therefore, combining the evidence of the glochidia and marsupia with the phylogenetic hypothesis depicting in Figure 1 , these four genera should be assigned to the Ambleminae to more accurately reflect phylogeny, thus demonstrating the presence of Ambleminae in China. Another result of the present analysis is that Anodonta (Chinese species) and Cristaria seem to belong to the subfamily Anodontinae, in agreement with some malacologists (Lin, 1962; Zhang & Li, 1965; Liu, 1979) . However, Lepidodesma appears much closer to Unioninae than to Anodontinae, contrary to previous suggestions (Lin, 1962; Zhang & Li, 1965; Liu, 1979) . The positions of other taxa (Unio, Cuneopsis, Schistodesmus, Acuticosta, Lanceolaria and Arconaia) are in accordance with traditional classifications of Chinese unionids (Heude, 1874 (Heude, -1885 Simpson, 1900; Haas, 1969b; Liu, 1979) .
Bootstrap tests (Figure 2) showed, however, that only two Y. HUANG ET AL. Lydeard et al. (1996.) .
clades have strong support, the Ambleminae and the group Anodontinae plus Unioninae. Close relationships between Anodontinae and Unioninae have been suggested previously (Graf, 2002; Hoeh et al., 2001) . The poor resolution of relationships within these two groups might be due to the short sequences studied and may indicate that 16S rRNA might not be an appropriate gene. Longer sequences and other genes are needed to test these results in the future. 
